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•	Ptychography	is	an	X‐ray	diffrac�ve	
Imaging	technique.

•	As	in	a	tradi�onal	scanning	
transmission	X‐ray	microscope	(STXM)	
the	focused	beam	is	scanned	over	the	
sample.

•	STXM	uses	only	the	total	transmi�ed	
intensity	as	so	its	resolu�on	is	limited	by	
the	focal	spot	size.

•	Ptychography	uses	the	en�re	
diffrac�on	pa�ern,	and	its	resolu�on	is	
fundamentally	limited	only	by	the	X‐ray	
wavelength.

•	In	prac�ce	lack	of	signal,	radia�on	
damage	and	vibra�ons	limit	the	
resolu�on	to	a	few	nanometers,	about	
an	order	of	magnitude	be�er	than	STXM.	

•	The	diffrac�on	pa�ern	obtained	in	each	exposure	is	propor�onal	to	the	square	of	the	Fourier	transform	of	the	illuminated	object.

•	Because	in	general	the	result	of	the	Fourier	transform	is	complex	and	we	can	only	access	the	resul�ng	magnitude	the	problem	is	
under	constrained.	This	is	known	as	the	phase	problem	(because	we	are	missing	the	phases	that	go	with	the	magnitudes).

•	Ptychography	uses	overlapping	illumina�ons	as	extra	constraints	to	make	the	problem	over	determined.

•	The	reconstruc�on	of	the	image	of	the	
sample	from	the	diffrac�on	pa�erns	is	
done	by	an	itera�ve	procedure.

•	The	itera�on	starts	at	the	top	le�	
corner	with	a	random	star�ng	guess.

•	The	intensi�es	are	replaced	with	the	
experamentally	measured	ones,	for	each	
exposure.

•	The	image	is	back	Fourier	transfomed

•	All	the	exposures	are	overlapped	into	
one	single	image,	according	to	their	
posi�on.	Overlaping	values	are	averaged.

•	The	image	into	individual	exposures	
which	are	then	Fourier	transformed.

•	The	only	opera�on	requiring	significant	
communica�on	is	the	overlap,	making	it	
well	suited	for	GPUs.
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•	The	expected	data	volume	from	the	
COSMIC	beamline	at	the	Advanced	Light	
Source	is	500	pa�erns/s,	each	1/4	of	a	million	
pixels	each.

•	To	be	able	to	reconstruct	the	images	in	real	
�me	we	need	to	parallelize	the	algorithm	
over	many	GPUs.

•	To	reduce	communica�on	to	the	minimum	
each	GPU	is	given	the	pa�erns	which	
correspond	to	a	region	of	the	sample,	and	
does	a	reconstruc�on	independently.

•	The	border	of	the	domain	of	each	GPU	will	
be	ill‐condi�oned,	so	each	domain	has	to	
overlap	significantly	as	only	the	inside	is	
reliable.

•	This	way	we	only	have	to	communicate	
once	per	reconstruc�on	instead	of	per	
itera�on,	at	the	cost	of	redudant	calcula�ons.
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